Immediately after the green revolution period, there was an intense debate on the observed inverse relationship between farm size and per hectare agricultural productivity in India. It was subsequently argued that the higher productivity of small holdings would disappear with the adoption of superior technology, modernisation and growth in general. Recently, National Sample Survey data show that small holdings in Indian agriculture still exhibit a higher productivity than large holdings. This article contributes to the limited literature on farm size and productivity in small land holder's agriculture in Bihar, India. Plot wise panel data of VDSA project are used to reach at precise conclusion. The results provide evidence for a positive relationship between farm size and productivity in case of small land holders' agriculture and hence, an inverse relationship does not seem to apply within small landholders' agriculture. A strong positive relationship between farm size and output per hectare is a result of higher use of fertilizer, modern seeds and irrigation sources on comparatively larger land holders than small land holders in Bihar, India. It is mainly due to more uneconomic land holdings of sub-marginal and marginal farmers to have limited access to water resources, quality input and credit. Access to resources and technology must be considered together for any agricultural development programmes for small land holder's agriculture. It is therefore needed to look for ways of improving their access to resources for farming through increased opportunities for earning off farms and off season income or through improved credit market. Hence, small size and land fragmentation are key bottlenecks for the growth of agriculture in Bihar, India.
Introduction:
Relationship between farm size and productivity in developing countries has been one of the oldest issues of the interest of researchers. The debate on farm size and productivity relationship intensified, when Sen (1962) observed inverse relationship between farm size and output per hectare in Indian agriculture, suggesting that small farms are more productive compared to large ones. Several studies confirmed the phenomenon in Indian agriculture and its statistical validity was adequately established (Mazumdar, D. (1965) , Khusro (1968 ), Hanumantha Rao (1966 and Saini (1971) ). Usha Rani's (1971) 
studies in Intensive Agricultural
Development Programme (IADP) districts using farm level observations showed that neither cropping pattern nor inputs intensity nor even yield per acre differs across farms of different sizes. Krishna Bharadwaj (1974) also investigated the relationship between productivity and size of farm and found that in the majority of cases, an inverse relationship existed; however, it was not statistically significant. Chadha (1978) while studying farm level data for three agro-climatic regions in Punjab found that the inverse relationship had ceased to hold in the more dynamic zones. However, Rudra (1983) opined that there is no scope for propounding a general law for an inverse relationship or even for a positive relationship. A recent study by Chattopadhyay and Sengupta (1997) , suggested that the inverse relation between farm size and productivity became stronger in the agriculturally developed regions of West Bengal compared to the relatively less developed regions.
Despite a number of studies favouring the inverse relationship, it has failed to reach a consensus. On the contrary, some studies concluded that the adoption of new agricultural technology by large farmers has reduced or even reversed the yield advantage of small farmers (Fan Shenggen and Connie Chang Kang, 2005) . Recent literature also shows that small farms are not as efficient as large farms in agriculturally developed regions but they could be more efficient in agriculturally backward regions (Kazi and Toufique, 2005) .
To sum up, it is often pointed out that the difference in the size of farms is one of the reasons for the difference in yields. It is argued that small cultivators increase cropping intensity on their farms or have multiple crops and that family labour works intensively on such farms thereby increasing output per unit of land. However, studies carried out on the relationship between size of farms and productivity show contradicting results.
The objective of this paper is to test the inverse relationship between farm size and productivity and identify the changes, if any, with the introduction of modern technology in agriculture, particularly in context of small holders' agriculture. We have estimated productivity and input use in all the crops grown by farmers on an annual basis and used them to compare performance of the entire system of land- increase in marginal land holdings was much faster (51.5%) from 9.7 million to 14.7 million during the period (Appendix-I).
Data and Methodology:
The data used in this study were collected under ICRISAT-ICAR collaborative In sample villages, farm holdings up to 1 hectare constitute 76 per cent of total farm holdings and there are only five farmers who were having more than 4 hectares of land and cannot be categorised as a group for analysis. Hence, analysis of data relating to farm size, productivity and other components were undertaken by recategorizing of sample households in four groups that is; sub-marginal (<0.40 ha), marginal (0.40-1 ha), small (1-2 ha) and medium farm households (2 ha and above).
Cropping Intensity and Cropping pattern:
Cropping intensity is a major source of agricultural growth in the country.
There has been very slow growth of cropping intensity in most of Indian states and it varies widely from one region to another. The cropping intensity also varies with area of land operated by farm households. The inverse relationship between farm size and cropping intensity has been observed in various studied (Bharadwaj 1974 , Griffin 1974 , Berry and Cline 1976 , Khan 1979 and Ramesh Chand, Prasanna P. A. L and Singh, A. 2011 ). Sau (1978 also observed low cropping intensity on large farms and concluded that there is an inverse relationship between farm size and cropping intensity in few Indian states. Sen (1964) argued that small farms being family enterprises had a lower cost of labour as compared to large farms. So small farms are cultivated more intensively and produce a higher level of output.
The cropping intensity of four categories of farms under study has been worked out to find cropping intensity on different categories of farm households in Bihar, India. The cropping intensity was comparatively high on marginal households (183) and low on medium households (163%). However, cropping intensity was identical on sub marginal and small households (Table 1) . There is no clear cut trend of cropping intensity on different size of farm holdings but upper category of farm households had the lowest level of cropping intensity.
The log linear form of the model was also applied to know the relationship between cropping intensity (CI) and farm size. The estimated regression coefficient is (-) 0.577. The negative values of b in the model clearly indicates the negative relationship between CI and farm size but the coefficient of the CI is not found significant at even 10 % level of significance (Appendix II).
Marginal farmers cultivated vegetables and spices on comparatively large area due to availability of family human labour for frequent inter culturing, irrigation, pest management and supervision of these crops. The upper (medium) categories of farm households cultivate wheat in larger proportion of area in rabi season whereas other categories of households cultivate two crops of vegetables and spices in almost same period. These crops are short duration crops which helped increasing cropping intensity on smaller size of farms.
Cropping Pattern:
Cropping Pattern is the crop -mix grown in a particular piece of land in an agricultural year. Introduction of new agricultural technologies has introduced a new crop -mix, which is more prominent in agriculturally developed area. Cropping patterns are affected by a multiplicity of factors of which the resource position is one, which is mainly determined by size of land holdings and non-farm income. While analysing cropping pattern of households under study, food grain emerged as most important crops which were grown on about 95 per cent of gross cropped area of households under study. A comparatively large proportion of gross cropped area was put to food grains crops on medium size of farms (95.85) and lower on smaller categories of households (Table 2) . Rice and wheat jointly cultivated on about 94 per cent of gross cropped area on upper category (medium) farms. None of category of households cultivated rice and wheat on less than 87 per cent of their gross cropped area. Sub-marginal and marginal households put comparatively larger proportion of area under spice and vegetables, mainly due to availability of more family labour on these households. These crops are also more remunerative and these categories of households try to earn more from their small piece of land. These results show that the production of staple food is a dominant consideration in all size categories of households. This is mainly due to consideration of family consumption requirements on all categories of households under study. It was also partly due to almost assured price of these crops through procurement centres. These crops are also less labour intensive than spices and vegetable crops.
The above discussion does not lead to clear conclusion that farm categories under study differ from each other with respect to their cropping pattern. Hence, Kendall's coefficient of concordance was used to test the compatibility of cropping pattern followed on different categories of farms under study. The calculated value of Chi square (28) 
Seed Replacement Rate:
Seed is the most important critical determinant of crop production on which the performance and efficacy of other inputs depend. Sustained increase in crop production and productivity necessarily requires continuos development of new and improved crop varieties and efficient system of production and supply of seeds to
farmers. An atempt has been also made to analyse the farm category wise seed replacement rate of rice and wheat because these two crops cover about 95 per cent of cropped area on farms under study.
In study villages, seed replacement rates of rice and wheat were 61.68 per cent and 71.76 per cent, respectively on households under study (Table 3) . The seed replacement rates of the two principal crops were much higher because Government of Bihar made massive efforts for increasing rice and wheat seed replacement rates. But seed replacement rates in case of both crops were much higher on medium size of farms and it declined with decline in size of farm holdings.
The comparatively low level of seed replacement rats of both the principal crops on smaller size of farm households was mainly due to their poor access to subsidized seeds. Seed replacement rate was higher on small and medium households because more than 50 per cent of them could afford to purchase seeds from market also however, sub-marginal and marginal farmers could not afford to purchase seeds from market due to poor liquidity and high price of seeds in the market.
Fertilizer use:
Use of chemical fertilizer helps increasing productivity and production of crops. Use of fertilizer in cultivation of various crops has been examined on different categories of households under study. Per hectare use of fertilizers in cultivation of all crops on households under study was 162 kilograms but medium category of households applied higher quantum of fertilizer (182 kgs/ha.), which declined with decline in size of land holding (Table 4) . Medium farmers used 72 per cent more chemical fertilizers than sub-marginal farmers in crop production. Per hectare use of fertilizer in rice, wheat, oilseeds and vegetables were also higher on medium farms which declined with decline in size of holdings. Sub-marginal farmers used about half of fertilizer in rice, 73 per cent in wheat, about one-fourth in oil seeds and less than half in vegetable production than the corresponding level of fertilizer use by medium farmers. Smaller categories of households are resource poor and they could not afford to buy required quantity of fertilizers, particularly phoshphatic and potassic fertilizers, which are costly in the market. They are also making unbalanced use of fertilizers in crop production, which is resulting in to comparatively low yield of crops.
Crop productivity:
An attempt has been also made to examine the relationship between per hectare productivity of various crops cultivated on different categories of households under study. While examining the farm size crop -productivity relationship, the comparatively high productivity of all crops was observed on upper (medium) category farms and lower on smaller size of farm categories with some minor exception (Table 5) . Per hectare total value of crop output (main + by-product) was also worked out by multiplying with respective market prices. In this case also, medium farm households realized higher per hectare gross income than smaller categories of farms from various crops cultivated by them and the similar trend was observed. In other words, per hectare value of gross output declined with decline in farm size (Appendix IV).
Per hectare value of gross output was regressed with size of land holdings using log linear model. Estimates of per hectare value of gross output for different size of farm holdings suggest a positive relationship between farm size and productivity (Table 6) The paper aims at examining the farm size-productivity relationship on small land holders' farms in resource scarce area in Bihar, India. Using regression analysis to household level panel data of farm households a positive relationship between farm size productivity is demonstrated. The higher productivity of various crops on upper category of households was mainly due to use of modern seed and fertilizers and ownership of water resources. Poor access to working capital to procure modern seeds, fertilizers and water resources for timely adequate irrigation to crops are major constraints for realizing higher crop productivity on tiny land holdings. This result is associated with prevalence of part time farmers cultivating on tiny and uneconomic land holdings. The size of medium category of households is also only 0.84 ha, but they have better access to technology and resources. The results also reflected the prevalence of poverty and lack of working capital for crop production in area of undeveloped infrastructure and non-existence of rural non-farm activities.
The crop productivity of tiny land holders can be increased through improving their access to institutional financing system, agricultural extension network and farm technology centres. However, promotion of non-farm rural employment seems to be most appropriate option for increasing crop productivity and improving livelihoods of small land holders in Bihar. 
